Introduction: Olfactory dysfunction is an early and common symptom in idiopathic Parkinson's disease (IPD). Recently, the relation between olfactory dysfunction and cognitive loss in IPD has been reported. In our study, we aimed to investigate the relation between olfactory dysfunction and cognitive impairments in early IPD related with this theory.
Introduction
Olfactory dysfunction is one of the most common non-motor symptoms in idiopathic Parkinson's disease (IPD). Olfactory loss is present at the earliest stages of the disease (1) . Stephanson et al. (2) indicated that olfactory dysfunction may be an early predictor of abnormal cognitive impairments and implicated a special phenotypic pattern.
Changes in cognitive functions occur in IPD as non-motor symptoms. These changes were reported as executive functions, visuospatial functions, and disturbance in working memory. Memory is more spared or secondarily affected by the preservation of recognition (3, 4) . But, previously, Bohnen et al. and then Postuma and Gagnon reported a relation between olfactory loss and memory dysfunction in IPD (5, 6) . In the following studies, a relation with olfactory dysfunction in IPD and impairment of memory, executive functions, and verbal functions has been reported (7, 8) . According to this relation, olfactory dysfunction is associated with cholinergic dysfunction and supposed to be an early marker of a phenotype with cognitive and non-motor symptom dominance in IPD (9) . But, all of these studies were investigated in moderate-stage patients. In our study, we tried to evaluate a clinical approach according to this theory in the early stages in two different ways. First, we compared patterns of cognitive dysfunction between patients with IPD and controls. Then, in the same group, we evaluated whether cognitive functions related with olfactory dysfunction have a different pattern related to early cholinergic impairment, as proposed.
Method
This study was performed at the movement disorders outpatient clinic of the Department of Neurology Haseki Training and Research Hospital, Istanbul, Turkey. The study was approved by the local ethical committee, and all of the patients gave written informed consent before being included into the study; 28 patients (5 females/23 males) were enrolled into the study. All patients were diagnosed with IPD according to the United Kingdom Parkinson's Disease Society Brain Bank diagnostic criteria (10) .
The control group was selected from 19 healthy cases (8 females/11 males) without any neurological and olfactory pathologies or family history of neurodegenerative disease. We evaluated the Hoehn-Yahr Scale (H-Y) for disease staging and the Unified Parkinson's Disease Rating Scale (UPDRS) to establish clinical severity (11) . According to H-Y, 10 patients in stage 1 (1 female/9 males) and 18 patients in stage 2 (4 females/14 males) were included.
Patients with dementia were not recruited into the study. Dementia was diagnosed according to the Clinical Diagnostic Criteria for Dementia Associated with Parkinson's Disease (12) .
Olfactory Function
Individuals were inspected and excluded if they had other problems that can cause olfactory dysfunction, like head trau-ma, nasal polyposis, allergic rhinitis, and severe septal deviation, at the Department of Otolaryngology and Head and Neck Surgery in our hospital. The University of Pennsylvania Smell Identification Test (UPSIT) was used to all of the individuals (13) .
Cognitive Assessments
Global cognitive function was assessed using the Turkish version of the Mini-Mental State Examination (MMSE) (14) . Verbal memory was assessed by a Turkish verbal learning test, the Auditory Verbal Learning Test (AVLT). This test evaluates the learning of a full list of 15 words after a maximum 10 trials (total learning score) and recall after a 30-minute delay, followed by a free-recall trial (delayed recall) (15) . For the assessment of executive functions, a group of tests, consisting of the Stroop Color Word Test (SCWT), clock drawing test, and Categorical Verbal fluency test, were used. For the Stroop test, an edited and modified Turkish version (TUBİTAK-BİLNOT) was used (16, 17, 18) .
To assess visual perceptive functions, the short form of the Benton's face recognition test (BFR) (short form) and Benton line judgment orientation test (BLOT) were used. For the BLOT and BFR, edited and modified Turkish versions (TUBİTAK-BİL-NOT) were used (16) .
Statistical Analysis
Statistical analysis was performed using the Number Cruncher Statistical System (NCSS) 2007& Power Analysis and Sample Size (PASS) 2008 Statistical Software (Utah, USA) program. Quantitative data were given as mean±standard deviation (SD), and categorical data were given as percentages. One-way ANOVA test for comparison of normally distributed parameters between groups and Tukey HSD test for detecting which group differed were used. Kruskal-Wallis test was used to determine significant differences in non-normally distributed parameters. Mann-Whitney U-test was used to determine differences between the groups if a significant difference was found in the Kruskal-Wallis test. For comparisons between two groups in normally distributed parameters, student t-test was performed, and for non-normally distributed parameters, Mann-Whitney U-test was performed. χ 2 test was used for categorical variables. Confidence intervals were computed at the 95% level. A p value below 0.05 was accepted as significant.
To analyze the correlation between olfactory dysfunction and cognitive tests and disease properties, Pearson test or Spearman's rho test was used when appropriate.
Results
The demographic and clinical properties of the Stage 1, Stage 2, and control groups are shown in Table 1 . Only age was significantly different among the groups according to the oneway ANOVA test (p<0.01). Post hoc Tukey HSD test demonstrated that the patients in the Stage 2 group were significantly old-er than both the Stage 1 and control groups (p=0.004, p=0.044, respectively). We found a statistically significant difference among the groups for olfactory test scores (p<0.01). According to the post hoc Tukey HSD test, UPSIT scores were significantly lower in both the Stage 1 and 2 groups compared with the control group (p=0.018 and p=0.003, respectively). There was no significant difference between the Stage 1 and Stage 2 groups for UPSIT scores (p=0.923). We found no significant difference in cognitive state evaluated by MMSE.
Student t-test for clinical properties (UPDRS motor) and Mann-Whitney U-test for disease duration were used for comparisons between the Stage 1 and Stage 2 groups. UPDRS motor scores were significantly higher in the Stage 2 group (p=0.013). There was no significant difference for disease duration between the Stage 1 and Stage 2 groups (p>0.05).
We found no significant difference among the control, Stage 1, and Stage 2 groups for clock drawing test, verbal fluency test, and Stroop test scores for evaluating executive functions ( Table 2 ). In contrast, there was a significant difference in Stroop test time scores among the control, Stage 1, and Stage 2 groups (p=0.003). Time scores were significantly lower in the control group compared to the Stage 1 and Stage 2 groups using post hoc Tukey HSD test (p=0.004; p=0.027) ( Table 2 ).
In the evaluation of the visuospatial functions, we found a significant difference in the BLOT scores among the three groups (p<0.05). BLOT scores were significantly lower in the Stage 2 group compared to the control and Stage 1 groups according to post hoc Tukey HSD test (p=0.017, p=0.003, respectively). BFR results were not significantly different among the groups (p>0.05) ( Table 2 ). We did not find any significant difference in the verbal memory scores among the control and Stage 1 and Stage 2 groups (p>0.05) ( Table 2) .
We evaluated the relation of UPSIT scores with the neuropsychometric test profiles of IPD patients. Our evaluation revealed a correlation between low odor scores and some executive tests and low verbal memory test scores. Such a relation was not observed for tests associated with visuospatial functions (Table 3 ).
In addition, there was no relation between olfactory disorder and the duration of the disease and motor parameters measured by UPDRS motor scores.
A negative correlation was found between the UPSIT scores and Stroop time scores of executive functions (31.1%) and between UPSIT scores and Stroop error scores (30.5%) ( Table  3) .While there was no significant correlation between the AVLT total learning and UPSIT scores (p>0.05), AVLT delayed recall scores and UPSIT results were found to correlate positively (34.9%) (p<0.05) ( Table 3) . 
Discussion
It is known that impairment in cognitive functions is common in early IPD (3) . The pattern of this impairment is usually observed in executive and visuospatial functions and also working memory (4, 19) . Memory is relatively affected. Recognition is preserved. The effect of this impairment on memory is seen in the recall stage (3). Likewise, it has been observed that in the sampling group of this study, compared to healthy subjects, patients at the early stages exhibited low performance in executive and visuospatial tests in the neuropsychological evaluation without overall cognitive deterioration. These findings are consistent with classical knowledge.
Recently, this cognitive impairment, monitored at the early stages of IPD, has come to be evaluated within the general concept of mild cognitive impairment (MCI), which aims to highlight development from a mild impairment to dementia in stages; this impairment follows a pattern of progression similar to those observed in other degenerative dementias. According to this approach, in a recent study by Aarsland et al., it was found that memory impairment is the most commonly observed impairment domain (13.3%), followed by impairment in visuospatial (11.0%) and attentional/executive functions (10.1%) (20, 21) . Moreover, the memory impairment is patterned in such a way that it includes coding/encoding impairment. The authors have indicated that the memory impairment in IPD is related to partially impaired attentional and cognitive functions and that even when the attentional/executive impairment is statistically improved, a pure memory impairment still exists. The authors also discussed whether the memory impairment observed is an impairment in encoding or recalling. Nevertheless, they have stated that they have not been able to distinguish between the two, due to the method that they used (22) . In addition to this, in a couple of older studies, episodic verbal memory impairment was reported in IPD. Weintraub et al. have identified episodic verbal memory impairment in IPD patients. The authors claimed that memory impairment was overlooked and that this impairment emerged in a mixed physiopathology, including the involvement of subcortical, frontal, limbic, and temporoparietal structures (23). Whittington et al. (24) , in IPD patients in the late stages of the disease, reported obvious encoding memory impairments. In their review study focusing on cognitive impairment in the early stages of IPD without dementia, Watson and Leverenz suggest that there might be a subgroup exhibiting isolated memory impairment in IPD and that this subgroup could be denoting diverse neuropathologic processes (25) .
At this point, in order to shed light on the issue, it might be worthwhile to review the data on the relationship between olfactory and memory impairment in IPD. There are several studies examining this relationship. In a cohort study analyzing a group of IPD patients, Postuma and Gagnon identified a significant correlation between episodic verbal memory and olfactory impairment (6). Bohnen et al. (5) also found that there is a cor-relation between impaired olfactory function and poor episodic verbal memory scores. Morley et al. (7) have reported that there is a significant correlation between smell impairment and poor performance in Hopkins verbal learning tests. There is also a correlation between each test performance and the stage of the disease, in that the average H-Y score of each group is above 2. Damholdt et al. (8) found that anosmic IPD patients displayed poorer composite memory scores compared to both nonanosmic and control group.
The common point of these studies with different patterns is that there is a correlation between olfactory impairment observed at the early stage of IPD and poor episodic verbal memory scores (5, 6, 7, 8) . This finding is consistent with the findings of our study. As indicated in a review study by Morley and Duda, these findings could be an indicator of a specific cognitive domain accompanying olfactory impairment (26) . Similar to the one in our study, in Morley's study, this memory impairment, correlating with smell impairment, is also accompanied by a special impairment pattern related to executive functions (8) . Unlike these studies, olfactory impairment was accompanied by low MMSE scores in the study of Bohnen et al. and by nonverbal memory impairment in the study of Postuma and Gagnon (5, 6) . This study has further contributed to the field by indicating that this finding is common, even in patients in the early stages (H-Y 1-2). The reason for this is that all other studies have been conducted on diverse patients and in those in relatively later stages (H-Y>2) but still without dementia (5, 6, 7, 8, 9) . The reason that different studies implicate different cognitive domain impairments (except for the episodic verbal memory impairments) correlating with olfactory dysfunction could be the consequence of having examined relatively different stages of IPD patients in these studies.
In IPD, pathological changes related to both Alzheimer and Parkinson's diseases are observed in the hippocampus and temporoparietal cortex (3) . In their study conducted on IPD pa- tients at the early stage and not taking medication, Brück et al. (27) found that when compared to healthy controls, IPD patients had atrophy in the hippocampus, in addition to the prefrontal cortex. They also identified a correlation between left hippocampal atrophy and verbal memory functions. Although cholinergic denervation and cholinergic damage in Meynert's basal nucleus are typical findings of Alzheimer's disease (AD), in vivo neuroimaging studies have shown that damage is also observed in Parkinsonian dementia, as much as it is observed in AD (28).
Bohnen et al. (29) first claimed that olfactory impairment is associated with hippocampal dopaminergic denervation. However, in their later studies, they claimed that smell impairment might not be related to the dopaminergic system in IPD patients and that in these patients, central cholinergic is affected, rather than functional imaging and dopaminergic (5, 9) .
These data are interpreted in two ways in terms of the underlying physiopathological processes. According to the first interpretation, as highlighted in Bohnen's study, it is believed that these findings are seen in the very early stages in patients with AD pathology and combined pathologies (9) . These patients are likely to progress towards dementia, exhibiting early consolidation impairment, as well as impairments, probably in the cholinergic mechanism accompanied by limbic impairment. In a study conducted by Stephenson (2), after a follow-up period of 2-6 years, IPD patients that did not initially have dementia started to exhibit olfactory impairment and visual hallucinations and developed dementia. A recently published study by Baba has also yielded results supporting this interpretation. In this study, 44 IPD patients who did not have dementia in the beginning but had severe hyposmia were tracked for 3 years. After tracking, it was observed that 10 of the patients developed dementia (30) .
The second interpretation asserts that starting from the early stage, in IPD, there can be a subgroup with diverse neuropathologic characteristics. The views of Postoma and Gagnon also support this interpretation (6) . Morley and Duda asserted that for IPD, olfactory impairment is an early and a premotor biomarker that can be used in the diagnosis and prediction of a clinical phenotype (26) . As a matter of fact, these interpretations can be considered as following or complementing each other. A distinct phenotype resulting from episodic memory impairment and olfactory impairment in the early stage can lead to a more advanced level of dementia through the physiopathological mechanisms mentioned above in the later stages of the disease. However, more studies need to be conducted on these physiopathological mechanisms.
Conclusion
In this study, the comparison of early-stage IPD patients with healthy controls in terms of cognitive functions has shown that there is a mild cognitive impairment pattern in IPD that is related to the visuospatial and frontal axis. This finding is consistent with the cognitive impairment pattern indicated in early-stage PD in previous studies. However, in the statistical analysis of the relationship between hyposmia and cognitive functions in the patient group, it was found that low performance in episodic verbal memory and frontal functions is associated with hyposmia. This cognitive pattern is different from the pattern pertaining to the general group. This situation may be related to the existence of a distinct phenotype in IPD. This finding may further clinically help explain the neurotransmitter roots of cognitive impairments observed in IPD patients with hyposmia in the early stage of the disease.
